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Abstract 

A polymerase chain reaction (PCR) and an enzyme-linked. oligonucleotide probe hy- 
bridization assay were developed for the detection of enterotoxigenic Escherichia coli (ETEC) 
in ground beef, chicken, pork and raw milk. Two synthetic primers, one of which was 
biotinylated, were used in the PCR to amplify a fragment of the E. coli heat-labile 
enterotoxin (LT) gene. The identity of the ,amplified products was confirmed by liquid 
hybridization using a horseradish peroxidase-linked internal oligonucleotide probe in a 
96well microplate coated with streptavidin. The final quantitation of the PCR products was 
performed by a calorimetric reaction. Under established conditions (including 1 min at 60°C 
for primer annealing and extension in PCR cycles), this method detected all 7 LT-producing 
E. coli pathogenic for humans, but did not detect all 7 LT-positive E. coli of animal origin, 
3 E. coli strains that do not produce LT, and 9 other bacteria. Under less stringent PCR 
conditions (55°C for annealing and extension), 2 strains of LT-producing E. coli of porcine 
origin were detected while the results of other bacteria1 strains remained unchanged. In pure 
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cultures, the detection limit of the method was 1.4 colony forming units (CFU). Prior to PCR 
amplification, all food samples inoculated with an LT-producing ETEC, were subjected to 
enrichment in brain heart infusion broth for 8 h at 37°C. From these cultures, 10 ~1 was heated 
at 9YC for 10 min and directly used in the PCR. An initial inoculum of as few as 1.2 to 12 
CFU of the LT-producing ETEC per 25 g (or ml) of food sample gave a positive reaction. 

Keywords: Enterotoxigenic Escherichia coli; Heat-labile enterotoxin gene; Polymerase chain 
reaction; Enzyme-linked oligonucleotide probe hybridization; Food samples 

1. Introi”ction 

Enterotoxigenic Escherichiu coli (ETEC) strains are a frequent cause of diarrhea1 
disease throughout the world (Neil1 et al., 1994). These strains cause diarrhea by 
producing a heat-labile enterotoxin (LT), a heat-stable enterotoxin (ST), or both 
(Evans et al., 1975; Sack, 1975). Illness caused by ETEC has been associated with 
the ingestion of contaminated food and water (Levine, 1987). Immunological assays 
and tissue culture techniques currently used for detection of ETEC (Sack and Sack, 
1975; Yolken et al., 1977) are non-specific and insensitive, and thus not used 
routinely (Victor et al., 1991). Cloned DNA probes and oligonucleotides have been 
used in colony hybridization for LT and ST enterotoxins; but these methods, 
although specific, require the use of radiolabeled probes (Candrian et al., 1991; 
Jablonski et al., 1986). In contrast, the polymerase chain reaction (PCR) allows a 
million-fold primer-directed enzymatic in-vitro amplification of specific DNA se- 
quences within hours (Saiki et al., 1988). Although the majority of reports describ- 
ing the use of PCR for the detection of pathogens have been in the area of clinical 
diagnostics, there have been some results concerning the application of PCR in 
food microbiology (Gannon et al., 1992; Koch et al., 1993; Lampel et al., 1990; 
Mahon et al., 1994; Wang et al., 1992) including detection of ETEC in minced 
meat (Wernars et al., 1991). However, PCR primers used in the above-mentioned 
study on ETEC were based on the LT gene of porcine origin (Wernars et al., 1991), 
which shows sequence divergence (Leong et al., 1985). We describe here a method 
that uses PCR and an enzyme-linked oligonucleotide probe hybridization (ELOPH) 
assay for the detection of LT-producing ETEC in ground beef, chicken, pork and 
raw milk. PCR primers designed are specific for the LT gene of E. coli that are 
pathogenic for humans. The protocol consists of a short-term (8 h) enrichment 
culturing of food samples, high-temperature denaturation of the cultures, and direct 
PCR amplification without DNA extraction. 

2. Materials and methods 

2.1. Bacterial strains 

A complete list of bacterial strains and their sources appears in Table 1. All 
bacterial strains were grown in Luria-Bertani (LB) medium (Difco Laboratories, 
Detriot, MI) overnight at 37°C. E. coli, strain 43886, an LT-producing ETEC, 
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which was used throughout this study, was enumerated using the pour plate 
technique described by Swanson et al. (1992). 

2.2. Synthetic oligonucleotides 

The sequence information of the toxB region (375 bp) of the LT gene, which encodes 
the B subunit of LT produced by ETEC pathogenic for humans was from Yamamoto 
and Yokota (1983) and Olive (1989). In the early stages of this study, PCR amplification 
primers LTl (nucleotides 70-89, 5’-CAGTCTATTACAGAACTATG) and LT2 
(nucleotides 347-366, 5’-CCATACTGATTGCCGCAATT) were purchased from 
Genemed Biotechnologies Inc. (San Francisco, CA). Later, the primers were 
synthesized by the University of Wisconsin Biotechnology Center, Madison, WI. The 
reverse primer (LT2) was labeled with biotin at its 5’ end. The primer pair amplifies 
a 298-bp fragment in the toxB region of the LT gene. A horseradish peroxidase 
(HRP)-linked internal oligonucleotide probe (nucleotides 193-214, 5’-AGCGGCG- 
CAACATTI’CAGGTCG) was synthesized by Synthetic Genetics (San Diego, CA). 

2.3. PCR conditions 

A lo-p1 portion of a bacterial culture in LB medium or enrichment culture of a 
food sample was added to a 0.5-ml PCR tube and heated in a Model 480 Perkin-Elmer 
Cetus DNA thermal cycler (Perkin-Elmer Cetus, Norwalk, CT) to 95°C for 10 min 
to lyse the bacteria, denature the DNA, and inactivate PCR inhibitors possibly present 
in the sample. Ninety ~1 of a reaction mixture containing 1 x PCR Buffer II 
(Perkin-Elmer Cetus), 2.0 mM MgCl,, each of the four deoxynucleoside triphosphates 
(dNTPs) at a concentration of 0.2 mM, 0.5 PM of each primer, and 2.5 U of AmpliTaq 
DNA polymerase (Perkin-Elmer Cetus) were added to the tube. The reaction mixtures 
were overlaid with sterile mineral oil and then subjected to 35 cycles of denaturation 
at 95°C for 1 min and annealing and extension at 60°C for 1 min, followed by an 
additional 7-min extension at 60°C. A negative control (sterile growth medium) was 
included in each experiment. 

2.4. Analysis of PCR products 

The PCR products were analyzed by electrophoresis on 2% agarose gels with 
ethidium bromide staining (Maniatis et al., 1982). To confirm the identity of the PCR 
products, the amplified material was subjected to an ELOPH assay. The procedure 
used was a modification of one described by Holodniy et al. (1992) for determining 
human immunodeficiency virus gag DNA copy number. Wells of Reacti-BindTM 
streptavidin coated 96-well polystyrene strip plates (Pierce, Rockford, IL) were filled 
with 300 ~1 of a blocking solution containing 5 x Denhardt’s solution, 1% gelatin 
(Sigma Chemical Co., St. Louis, MO), and 250 pg/ml sheared herring sperm DNA 
(Promega, Madison, WI) and the plates were incubated overnight at 4°C. These plates 
could then be stored for several weeks at 4°C. Immediately before use, the blocking 
solution was aspirated from each well, and 65 ~1 of a hybridization solution containing 
5 x saline sodium phosphate EDTA, 5 x Denhardt’s solution and 1 pmol of the 
HRP-linked LT-specific internal probe was added to each well. 



220 M. Y, Deng et al. / ht. J. Food Microbiology 30 (1996) 217-229 

After the,PCR products were heated at 95°C for 5 min and cooled rapidly on ice, 
a lo-p1 portion of each product was transferred to a well ti the 96-well microplate. 
The plate was then incubated at 42°C for 1 h to allow PCR product binding and 
probe hybridization. The wells of the microplate were washed 20 times with 
phosphate buffered saline, pH 7.4, containing 0.05% Tween-20 using a Dynatech 
Miniwash (Dynatech Laboratories Inc.‘, Alexandria, VA). One hundred and fifty ~1 
of the HRP substrate, o-phenylene-diamine (OPD, Sigma), prepared with 0.6 
rni/ml in 0.1 M citrate buffer (p&I 5.5) containing 0.03% hydrogen peroxide, was 
added to each well. Aftei- 10 min, the reaction was stopped with 100 ~1 of 1 N 
H$O, and the optical density (OD) at 490 nm of each well was measured with a 
microplate reader (Molecular Devices Corp., Menlo Park, CA). Unreacted ;sub- 
strate was used as a reference. A positive/negative ratio was determined as follows: 
P/N = OD sample PCRjOD negative control, where the OD sample PCR and the 
OD negative control arc the OD at 490 nm of the PCR products of the sample 
tested and of the negative control, respectivqly. All assays were performed in 
duplicate, and the results were averaged. The ELOPH assay of a sample was 
regarded as positive if the P/N ratio was 2.0 or higher. 

When the PCR products of a sample were the expected length of 298 bp as 
determined by ethidium bromide staining of the gel and showed a positive result in 
the ELOPH assay, the sample was considered positive for LT-producing ETEC. 

2.5. Detection ox LT-producing E. coii in foods 

Ground beef, chicken, pork and raw milk were obtained from a local grocery 
store and tested by PCR for indigenous LT-producing E. coli before being used. No 
indigenous LT-producing E. coli were detected in these foods. An overnight culture 
of LT-producing E. coli (strain 43886) in LB medium, at a concentration of 
4.7 x lo8 colony forming units (CFU)/ml, was used in this experiment. Ten 25-g 
samples each of ground beef, chicken and pork were inoculated with 2.5 ml of 
lo-fold dilutions of E. coli prepared in Butterfield’s phosphate diluent (BPD), pH 
7.2, using a 5-ml plastic syringe with an 18-gauge (1.2 mm) hypodermic needle. Ten 
25-ml samples of raw milk were each inoculated with 2.5 ml of the same dilutions 
as for the ground beef, chicken and pork samples. One uninoculated 25-g (or ml) 
sample of each type of food was used as a control. Each sample received 222.5 ml 
of brain heart infusion (BHI) medium and was processed with a Stomacher (Model 
BA601, Cooke Laboratory Products, Alexandria, VA) for 60 s. All samples were 
incubated for 8 h at 37°C on a rotary shaker at 100 rev./min. Ten ~1 of culture 
from each sample was heated and subjected to PCR as described above. 

3. Results 

3.1. Specljicity of the PCR 

Under the PCR conditions described in Section 2, the primer pair generated PCR 
products of the expected size of 298 ,bp with all 7 LT-producing ETEC pathogenic 
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for humans, but not with all 7 LT-positive E. coli of animal origin (4 porcine 
isolates and 1 isolate from each of alpaca, bovine and ostrich), 3 E. coli strains that 
do not produce LT and 9 other bacteria (Table 1). However, when the annealing 
and extension temperature in the PCR thermocycling protocol was lowered from 60 
to 55°C 2 strains of the 4 porcine isolates of LT-producing E. coli (serotype 
0149:HlO, strain 87.0197, and serotype 0149:NM, strain 86.0804) were detectable 
while results with all other bacterial strains remained unchanged. The amplified 
products obtained with the LT-producing ETEC strains were confirmed to include 
the appropriate LT gene sequence by a positive result in the ELOPH assay. A 
typical agarose gel analysis of PCR products obtained from some E. coli cultures is 
shown in Fig. 1A. 

3.2. Sensitivity of the PCR 

To evaluate the sensitivity of the PCR, serial half-logarithmic dilutions prepared 
in BPD, pH 7.2, of an overnight culture of the LT-producing E. coli (strain 43886) 
of known concentration in CFU/ml were tested. As shown in Fig. lB, with serial 
dilutions of the bacterial culture down to 1.4 CFU, the PCR gave a positive signal 
in an ethidium bromide-stained agarose gel (lane j). Samples containing less than 
1.4 CFU (Fig. lB, lanes k and 1) and the negative control (Fig. lB, lane N) did not 
display a DNA band. 

When the PCR products of all samples obtained in this experiment were analyzed 
by the ELOPH assay, all samples containing 2 1.4 CFU showed a P/N ratio of 2.0 
or higher. There was a positive correlation between the number of CFU of the 
LT-producing E. coli and the OD of the PCR products (Fig. 2). The correlation 
coefficient was + 0.593. Visualization of amplification products by ethidium bro- 
mide staining of agarose gels and quantitation of the PCR products by the 
calorimetric enzymatic reaction gave approximately the same sensitivity of 1.4 
CFU. Similar results were obtained when this experiment was repeated. 

3.3. Detection of LT-producing E. coli in foods 

Results of testing experimentally inoculated and control food samples for the 
presence of LT-producing ETEC are shown in Table 2. For inoculated ground beef 
and chicken samples, with serial dilutions of the initial inoculum down to 12 CFU 
per 25-g sample, the PCR gave a positive reaction. For the inoculated pork and raw 
milk samples, an initial inoculum of as few as 1.2 CFU per 25-g (or ml) displayed 
a positive signal. No signals were obtained with all control samples that were not 
inoculated with ETEC. These PCR results were confirmed by the ELOPH assay. 

4. Discussion 

We describe here a method for the detection of LT-producing E. coli in ground 
beef, chicken, pork and raw milk samples using PCR and an ELOPH assay. It 
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consists of a short-term (8 h) enrichment culturing of a food sample, high-temper- 
ature denaturation of the cultures, and PCR amplification of a 298-bp DNA 
fragment of the toxB region of the LT gene. The PCR primer pair used in this study 

Table 1 
Bacterial strains used in this study and PCR resultsa 

Bacterium Strain Source PCR results 

E. coli 02:NM, LT+b 
E. coli 06:H-, LT+ 
E. coli 07:NM, LT+ 
E. coli 025:NM. LT+ 
E. coli 025:NM, LT+ 
E. coli 0159:H-, LT+ 
E. coli 078:Hll, LT+,ST+’ 
E. coli 078:H12, STtg 
E. coli 0149:HlO, LT+ 
E. coli 0149:NM, LT+ 
E. coli 0107:Hll, LT+ 
E. coli 0138:NM, LT+ 
E. coli 0153:H-, LT+ 
E. coli (not serotyped), LT+ 
E. coli 045:H-, LT+ 
E. coli 0157:H7 
E. coli non-pathogenic 
Salmonella typhimurium 

Yersinia enterocolitica 

Vibrio vulniJcus 

Shigella sonnei 

Listeria monocytogenes 

Bacillus cereus 

Bacillus subtilis 

Enterococcus faecium 

Pseudomonas alcaligenes 

91.1398 ECRC” (human) 
87.0446 ECRC (human) 
85.1934 ECRC (human) 
43886 ATCC” (human) 
91.0988 ECRC (human) 
84.0399 ECRC (human) 
35401 ATCC (human) 
43896 ATCC (human) 
87.0197 ECRC (porcine) 
86.0804 ECRC (porcine) 
92.0216 ECRC (porcine) 
93.0014 ECRC (porcine) 
89.0802 ECRC (alpaca) 
91.0705 ECRC (bovine) 
91.1775 ECRC (ostrich) 
43895 ATCC (meat) 
FRIkl FRIJ (unknown) 
FRIk49 FRI (human) 
FRIk34 FRI (unknown) 
FRIk126 FRI (human) 
FRIfv02 FRI (human) 
FRIfv04 FRI (food) 
FRIfv13 FRI (environment) 
FRIfv18 FRI (environment) 
FRIfv25 FRI (environment) 
FRIfv26 FRI (environment) 

f d 
+ 
+ 
+ 
+ 
+ 
+ 
_h 

-1 

-1 

_ 
_ 
_ 
- 
_ 
_ 
_ 
_ 
_ 
_ 
_ 
- 
- 
_ 
_ 

“The thermocycling protocol for the PCR consisted of 35 cycles of denaturation at 95°C for 1 min and 
annealing and extension at 60°C for 1 min, followed by an additional 7-min extension at 60°C. 
bProduces the heat-labile enterotoxin (LT) (determined by the provider of the bacterium). 
‘E. coli Reference Center, the Pennsylvania State University, University Park, PA. 
d + , positive. When the PCR products of a sample. were the expected length of 298 bp as determined by 
ethidium bromide staining of fhe agarose gel and showed a positive result in the ELOPH assay 
performed as described in Section 2, the samples were considered positive for LT-producing E. coli. 

‘ATCC, the American Type Culture Collection, Rockville, MD. 
fProduces both LT and the heat-stable enterotoxin (ST) (determined by ATCC). 
gProduces only ST (determined by ATCC). 
h -> negative. If a sample produced neither a DNA band at the expected position (298 bp) nor a positive 
result in the ELOPH assay, the sample was considered negative for LT-producing E. coli. 

‘A positive result was obtained when the annealing and extension temperature was lowered to 55”C, with 
other conditions in the thermocycling protocol remaining the same. 
JFRI, Food Research Institute, Madison, WI. 
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A 

B 

Fig. 1. Ethidium bromide-stained agarose gel showing PCR products obtained from different E. coli 
cultures (A) and from serial half-logarithmic dilutions of the heat-labile enterotoxin (LT)-producing E. 
co/i, serotype 025:NM, strain 43886 (B). All bacterial strains were grown in Luria-Bertani (LB) medium 
(Difco) overnight at 37°C before being tested by PCR using the procedure described in Section 2. Lanes 
in A: M, DNA size marker (1 kb ladder, GIBCO, BRL); a, serotype 02:NM, LT+ , strain 91.1398; b, 
serotype 06:H-, LT + , strain 87.0446; c, serotype 07:NM, LT + , strain 85.1394; d, serotype 025:NM, 
LT+, strain 43886; e, serotype 025:NM, LT + , strain 91.0988; f, serotype 0159:H‘, LT+, strain 
84.0399; g, serotype 078:Hll, LT + and ST + , strain 35401; h, serotype 078:H12, ST+, strain 43896; 
i, serotype 0157:H7, strain 43895; j, non-pathogenic E. coli, strain FRLkl; and N, negative control (LB 
medium). Lanes in B: M, DNA size marker; a, PCR products obtained from 4.4 x lo4 CFU of the 
tested organism; b, 1.4 x lo4 CFU; c, 4.4 x lo3 CFU; d, 1.4 x 10’ CFU; e, 4.4 x 10’ CFU; f. 
1.4 x IO2 CFU; g, 44 CFU; h, 14 CFU; i, 4.4 CFU; j, 1.4 CFU; k, 0.44 CFU; I, 0.14 CFU; and N, 
negative control (Butterfield’s phosphate diluent, pH 7.2). 

was based on the LT gene of ETEC that are pathogenic for humans. Under the 
established conditions, the primer pair generated the PCR products of predicted 
length of 298 bp with LT-producing E. coli strains of human origin, but not with 
LT-producing E. coli of animal origin, E. coli strains that do not produce the LT 
or other bacterial species. Although there have been some data suggesting that 
some ETEC strains responsible for human infections may be carried in the 
intestinal tract of livestock, it is unclear whether animal strains of ETEC are 
pathogenic for humans (Doyle and Padhye, 1989). Therefore, it was advantageous 
to use primers based on the LT gene of human strains for PCR detection of ETEC 
in food samples. 
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Fig. 2. Relationship between number ofcolony forming units (CFU) of heat-labile enterotoxin-produc- 
ing.‘&.coh’ teat&i by PCR and opti& d&&y (OD).of the PCR products at 490 nm in the ELOPH assay. 
The 2 dada points ate of 2 replicdte sar@es. The mean OD of the duplicate negative control samples 
(correspond~~~to Fig. IB, lane N) was 0.042 ‘f 0.001. ‘The relationship between the number of CFU 
and,OD is dpsaibe$ by Qe line altoant, whi& waq obtained from the means of replicate samples. The 
best-fit kin&f& the d&$ points is described, by ti equation: y = 0.196 + 0.000004X and has an r value 
of ‘+ 0.593. The data from this experiment werd’analyzed by the methods of Wonnacott and Wonnacott, 
1990. 

Temperature is a critical parameter for primer annealing in PCR (Ausule et al., 
1993). In this study, when the primer annealing and extension temperature was 
lowered from 60 to 55°C 2 of 4 porcine strains of LT-producing E. coli became 
detectable. Clearly, temperature had an important effect on the degree of the 
specificity of the PCR. In the study by Wernars et al. (1991), the two 29-mer PCR 

Table 2 
Detection of heat-labile enterotoxin-producing E. coli from experimentally contaminated food samples 
by PCR and an ELOPH assaya 

Sample type 1.2 x IO” CFU added per sampleb Negative controlC 

8 7 6 5 4 3 2 1 0 -1 

Ground beef +d + + + + + + + -e - - 
Chicken + +++++++-- - 
Pork + ++++++++- - 
Raw milk + ++++++++- - 

“E. co/i, serotype 025:NM, strain 43886 was used in this experiment. 
‘CFU, bacterial colony forming units; each raw milk sample was 25 ml in volume and meat samples had 
a weight of 25 g; n = log CFU added from 8 to - 1. 
=No bacteria were added. 
dPositive signal by visualization on a gel and by a positive ELOPH assay. 
‘No signal in PCR, either by agarose gel or by the ELOPH assay. 
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primers used for amplifying a 195-bp fragment of the LT gene were based on the 
sequence of the subunit of the LT gene of porcine origin, and were longer and had 
higher G-C contents (58.6% and 55.2%, respectively) than the primers used in this 
study. These investigators used 3 min at 54°C for primer annealing and obtained 
positive PCR results with all LT-producing strains, including human isolates. Some 
non-LT-producing E. coli cultures also yielded non-specific DNA bands (Wernars 
et al., 1991). Similarly, Furrer et al. (1990) detected LT-producing ETEC of both 
human and porcine isolates using 1 min at 55°C for primer annealing in amplifying 
a 275-bp fragment of the gene coding for the B subunit of the LT gene. 

Yamamoto and Yokota (1983) found that the nucleotide sequence of the toxB 
region of the LT gene of human ETEC strain H10407 and that of the eltB gene of 
an LT-producing ETEC of porcine origin are of the same length (375 bp) and differ 
only in 8 bases. We know of no information about nucleotide sequence homology 
between human ETEC and strains isolated from other animals besides porcine. The 
PCR results obtained with the lower annealing and extension temperature in this 
study shows the possibility that the nucleotide sequences of the 2 porcine ETEC 
isolates are more homologous with sequences of ETEC of human origin than are 
the other animal isolates of LT-producing E. coZi tested. 

According to Doyle and Padhye (1989), the ability to produce enterotoxin alone 
is not sufficient for ETEC to produce illness in humans. The bacteria must express 
colonization factors that allow the organism to adhere to the small intestine of 
humans. Because of the differences in the host specificity of colonization factors, it 
is unlikely that ETEC strains of animal origin will be pathogenic for humans if they 
do not possess the colonization factors of the type associated with ETEC involved 
in human illness. 

Experiments using dilutions of LT-producing E. coli, strain 43886, showed that 
as few as 1.4 CFU was sufficient to produce a positive signal in both the agarose 
gel electrophoresis with ethidium bromide staining and the ELOPH assay. The 
sensitivity of the PCR is similar to that reported by Olive (1989) and Victor et al. 
(1991). In the study by Wernars et al. (1991), the detection limit was 6 CFU of 
LT-positive E. coli (strain H665/87) in pure culture. 

Tests of experimentally inoculated food samples revealed that an initial inoculum 
of as few as 1.2 to 12 CFU of LT-producing E. coli per 25-g (ml) sample gave a 
positive PCR signal. Although this minimum detectable initial inoculum is similar 
to that of Wernars et al. (1991), who obtained positive PCR results with an initial 
inoculum of 3 CFU of the organism in 25-g minced meat, our 8-h culturing 
procedure would be preferable to the 24-h enrichment used by these researchers. In 
our study on the growth of inoculated E. coli 0157:H7 in ground beef and raw milk 
(Deng and Fratamico, 1995) an 8-h enrichment was found to be optimal for PCR 
detection of the organism. This enrichment step was, therefore, adapted in this 
study although there might be differences between the growth kinetics of LT-pro- 
ducing E. coli and E. coli 0157:H7 in the food samples. Certainly, the sensitivity 
levels obtained with experimentally inoculated food samples may be different from 
levels obtainable with foods naturally-contaminated with LT-producing ETEC. In 
our study, freshly grown overnight cultures were used to inoculate the various food 
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samples. During enrichment, the freshly inoculated bacteria would have growth 
advantages over the contaminants originally present in the food samples. In 
naturally-contaminated foods, LT-producing ETEC may be exposed to stressful 
environments during processing, storage and/or refrigeration. Therefore, the num- 
ber of total LT-positive organisms after the 8-h enrichment would likely be less 
than that found with the experimental conditions employed in this study. 

It is unclear why the level of detection of ETEC in ground beef/chicken and 
pork/raw milk samples differed. In our study on E. coli 0157:H7 (Deng and 
Fratamico, 1995), each 25-g (ml) of inoculated samples of ground beef and raw 
milk received 225 ml of modified EC broth with novobiocin (Okrend et al., 1990) 
and was processed and incubated as described for ETEC-inoculated samples in 
Section 2. No food effect on the rate of growth of E. coli 0157:H7 was found. In 
the present study, the difference in detection levels may be due to a variation in the 
growth rate of ETEC in different types of food samples, the presence of inhibitory 
compounds in ground beef and chicken samples which may have had an effect on 
PCR efficiency, or minor errors in preparing dilutions of the organism used for 
sample inoculation. 

In spite of the numerous advantages of PCR methodology, problems have been 
encountered when it is applied to food samples (Jones and Bej, 1994). First, Taq 
DNA polymerase in the PCR assay may be inhibited by substances occurring in 
food samples. Consequently, extraction and purification of the DNA from the food 
before PCR have been necessary to remove inhibitory compounds (Jones and Bej, 
1994). Second, the level of contamination with pathogenic microorganisms in food 
samples is always relatively low, particularly when compared to clinical samples. 
Finally, food samples may contain pathogens that have already been killed during 
processing or may contain remnants of their DNA, leading to a positive PCR and 
a false-positive result regarding the presence of a particular pathogen (Wernars et 
al., 1991). We believe that the combination of enrichment culturing, high-tempera- 
ture denaturation and PCR used in this study has three advantages. Firstly, the 
short-term culturing increases the level of viable bacterial cells, thus providing a 
high sensitivity without undue lengthening of time. Secondly, the high-temperature 
treatment inactivates some inhibitory substances that might be present in the 
sample and obviates the need for DNA extraction and purification. Thirdly, the 
enrichment step dilutes dead cells, thus reducing the risk that the dead cells in the 
sample may lead to a false-positive PCR product. Other researchers have also 
found pretreatment of enrichment cultures by extraction and purification of DNA 
unnecessary before performing PCR for detecting LT-producing E. coli from 
inoculated minced meat (Wernars et al., 1991) and V. cholerae from seafoods, fresh 
fruits and vegetables (Koch et al., 1993). Shirai et al. (1991) successfully used PCR 
to detect the cholera enterotoxin operon of Vibrio cholerae directly from enrichment 
cultures and stool samples without DNA extraction. In a study by Wang et al. 
(1992), Listeria monocytogenes was detectable by PCR in several foods, such as 
chicken, but not in soft cheese, confirming that soft cheese contains significant 
inhibitory substances for PCR. No cheese samples were tested in this study. Further 
experiments on cheese samples would be worthwhile. In detecting ETEC, it is a 
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concern that enrichment culturing steps, especially those with selective media might 
result in loss of genetic information (particularly when located on plasmids) thus 
giving a false-negative result in the PCR (Candrian et al., 1991; Meyer et al., 1991). 
The non-selective media LB and BHI seemed to be suitable for growth of 
LT-producing ETEC strains used in this study. Strains 43886 and 35401, two LT 
producers, were passaged in LB medium over 30 times in the past 1.5 years in this 
laboratory and still contain the LT-bearing plasmid. In the experiment with 
inoculated samples, we did not encounter the loss of the plasmid due to enrichment 
culturing when using BHI medium. 

The ELOPH assay was not only used for confirmation of the identity of the PCR 
products; the relationship between the number of CFU and the OD of the assay 
was also examined. The ELOPH assay demonstrated approximately the same 
sensitivity as agarose gel electrophoresis with ethidium bromide staining. A positive 
correlation existed between the number of CFU of LT-positive E. coli and the OD 
of the PCR products at 490 nm in the ELOPH assay. A further study will be 
carried out to determine whether the assay could be used to quantitate the initial 
and final bacterial load in ‘unknown’ samples. The ELOPH assay developed in this 
study is simple, reliable, and does not involve the use of radioactive materials. It is 
also sensitive enough for routine use. Furthermore, since 96-well microplates are 
used in the assay, the procedure can be automated (Holodniy et al., 1992). In 
conclusion, the method described here is sensitive, specific, simple, and rapid. It 
should therefore be suitable for the routine investigation of food samples for the 
presence of LT-producing E. coli. 
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